Relapse of malignant disease remains the major complication in patients with acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS) after hematopoietic cell transplantation (HCT) with reduced-intensity conditioning (RIC). In this study, we investigated the predictive value of disease-specific markers (DSMs), donor chimerism (DC) analysis of unsorted (UDC) or CD34 þ sorted cells and Wilms' tumor gene 1 (WT1) expression. Eighty-eight patients with AML or MDS were monitored after allogenic HCT following 2 Gy total-body irradiation with (n ¼ 84) or without (n ¼ 4) fludarabine 3 Â 30 mg/m 2 , followed by cyclosporin A and mycophenolate mofetil. DSMs were determined by fluorescence in situ hybridization (FISH) and WT1 expression by real-time polymerase chain reaction. Chimerism analysis was performed on unsorted or CD34 þ sorted cells, by FISH or short tandem repeat polymerase chain reaction. Twenty-one (24%) patients relapsed within 4 months after HCT. UDC, CD34
Introduction
Reduced-intensity conditioning (RIC) hematopoietic stem cell transplantation (HCT) relies mainly on immunological effects for disease control and is a promising treatment for patients with acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS) not eligible for conventional conditioning regimens because of age or contraindications. Although a variety of RIC protocols has been developed, 1, 2 recurrence of the disease remains the major problem, [3] [4] [5] with relapse rates of 39% at 2 years in elderly patients conditioned with 2 Gy total body irradiation with or without fludarabine. 6 A number of strategies are available for the treatment of relapse, including reduction of immunosuppression, 7 chemotherapy or donor lymphocyte infusion. 8 The success of the treatment depends heavily on the tumor load (molecular, cytogenetic or hematological relapse (HR)) and the kinetics of the disease. As a consequence, the prediction of HR is an important factor in the management of AML patients following RIC-HCT. However, in contrast to Philadelphia chromosome-positive chronic myeloid leukemia, in which quantification of BCR-ABL1 (Abelson gene) can be used to detect early relapse or even predict relapse, 9 no common genetic markers are available for AML. Only in subgroups of patients do specific mutations and fusion gene transcripts permit molecular monitoring of minimal residual disease (MRD). [10] [11] [12] Nucleophosmin 1 is mutated in only 48% 13, 14 and FMS-like tyrosine kinase 3 in only 25-30% of patients with AML and the specific FMS-like tyrosine kinase 3 mutation can be unstable during follow-up. 10, 15, 16 Furthermore, the highly distinctive fusion genes such as AML1-ETO, CBFb-MYH11 and PML-RARa are rare.
In contrast, overexpression of the non-mutated Wilms' tumor gene 1 (WT1) is found in 89-100% 10, [17] [18] [19] [20] of patients with AML and MDS, making this marker an ideal tool for monitoring MRD. WT1 expression has already been shown to be a helpful marker in patients with AML after chemotherapy, 19, [21] [22] [23] after autologous 24 and after conventional allogeneic HCT. [25] [26] [27] In this analysis, the ability of different markers to predict relapse following allogeneic HCT with RIC was analyzed both alone and in combination. Peripheral blood (PB) cell WT1 expression levels quantified by real-time polymerase chain reaction (RT-PCR) were compared with the detection of diseasespecific (DS) markers by fluorescence in situ hybridization (FISH). Finally, levels of donor chimerism in unsorted cells (UDC) and in sorted CD34 þ subpopulations were compared with the other parameters. The results clearly show that the combination of the CD34 þ donor chimerism kinetics in bone marrow (BM) and WT1 expression in PB provides a very strong indicator of relapse within 28 days of sampling and can be used as a tool to detect early relapse in patients after allogeneic HCT following RIC.
Materials and methods

Patients
Between July 1999 and July 2005, 88 consecutive patients with a median age of 61 (range 22-74) years with either AML (n ¼ 68) or intermediate or high-risk MDS (n ¼ 20) in complete remission 1 (n ¼ 41), complete remission 2 (n ¼ 25) or in a more advanced disease status (n ¼ 22) were transplanted at the Department of Hematology and Oncology, University of Leipzig, Germany after written informed consent was obtained from all patients. Patient and transplant characteristics are summarized in Table 1 . The conditioning regimen consisting of fludarabine 30 mg/kg body weight from day À4 to À2 (n ¼ 84) combined with lowdose total body irradiation (200 cGy, n ¼ 87 or 300cGy, n ¼ 1) at day 0 was followed by the infusion of granulocyte colonystimulating factor-mobilized PB stem cells from related (n ¼ 22) or unrelated (n ¼ 66) donors. All patients received cyclosporin A and mycophenolate mofetil. 28 Mycophenolate mofetil was stopped at day 27 following related HCT and tapered from days 40 to 96 following unrelated HCT. Cyclosporin A was reduced from day 84 or day 180 following related and unrelated HCT, respectively. Immunosuppression was prolonged in case of graft-versus-host disease grade XII or rapidly reduced in case of HR, defined as 45% blasts in the BM by cytomorphology. Engraftment was documented by full donor T-cell chimerism. HRs diagnosed by cytomorphology occurred in 37 patients (43%) after a median time of 122 (range 18-1456) days after HCT. Immunosuppression was tapered in two AML patients following a decrease in CD34 þ chimerism in the absence of elevated blasts. These two patients were excluded from the prediction analysis.
Sampling of BM and PB
BM aspirations for cytomorphology, UDC, CD34 þ DC and, where possible, DS-FISH were performed at days 28, 56 and 84 after HCT or until relapse as a routine follow-up monitoring schedule. WT1 expression was assessed retrospectively from stored PB samples from the same time points.
DC in unsorted and in CD34
þ BM cells
Chimerism analyses were performed by FISH-or PCR-based amplification of short tandem repeat sequences for sexmismatched or -matched donor recipient pairs, respectively. 29 Briefly, 300 interphases were analyzed by X/Y FISH (SO CEP X/SG CEP Y; Vysis, Stuttgart, Germany) with a lab-specific sensitivity of one cell in a background of 299 cells. Short tandem repeat-PCR was performed on DNA of 10 7 total white cells with a similar sensitivity. CD34 þ cells were sorted by fluorescence-activated cell sorting using the FACSCalibur Flow Cytometer (Becton Dickinson, Heidelberg, Germany) and the CD34PE8G12 antibody (Becton Dickinson, Heidelberg, Germany).
FISH of DS markers
FISH analyses were performed from BM cells in 38 patients with molecular markers according to standard protocols on a minimum of 200 interphases. 30 In detail, CEP 8 SO, LSI 5q EGR 1SO/D5S23 SG, LSI D7S522 SO/CEP 7SG, LSI MLL Dual Color, LSI CBFB, inv 16 DualColor, LSI D20S108 SO, LSI D13S319 SO and LSI p53SO were used to detect abnormalities. The cutoffs for positivity, determined in the background of healthy individuals, range between 1 and 4.5%. All probes were purchased from ABBOTT (Wiesbaden, Germany).
Quantitative assessment of WT1 expression in PB
Mononuclear cells were isolated from PB and stored at À196 1C until use. RNA was extracted from 1 Â 10 7 cells and reverse transcribed as described previously. 31 RT-PCR for WT1 was performed in duplicate and expressed as WT1/10.000 ABL1 transcripts. 19 Samples containing o0.5 WT1 transcripts together with 45000 ABL1 transcripts were scored as negative, whereas WT1-negative samples with o5000 ABL1 transcripts were excluded. The assay consistently detected 10 WT1 plasmids in an aqueous dilution series and showed an interassay variation of 0.9 log for low WT1 transcripts (median 1.3, n ¼ 8) and 0.4 log for high WT1 transcripts (median 26.4 WT1 per 10 4 ABL1, n ¼ 8), respectively.
WT1 expression in healthy volunteers
The expression levels of WT1 in PB cells of healthy volunteers (n ¼ 10) were compared with the expression levels of patients with MDS (n ¼ 3) or AML (n ¼ 10). The WT1 expression levels in healthy individuals were significantly lower (median 0.7, range 0.01-3.1 WT1 per 10 4 ABL1) than that in patients with MDS (median 65.0, range 36.8-88.7 WT1 per 10 4 ABL1, P ¼ 0.007) or in patients with AML (median 548.5, range 5.5-4649.1 WT1 per 10 4 ABL1, Po0.0001) as shown in Figure 1a . One patient was treated with 3 Gy instead of 2 Gy.
Prediction of relapse
As we were interested in predicting relapse early after RIC-HCT and during immunosuppression taper, the 4-month evaluation period was chosen as the most suitable to assess the predictability of imminent relapse (defined as occurring within 28 days between evaluations). Of the analyzed patients, 21 (24.4%) relapsed during this period, accounting for 56.7% of all relapses after a median follow-up of 15.9 (range 1.3-119) months after HCT. Six patients developed relapse before the first evaluation point at day þ 28 and 15 patients thereafter. All measurements were analyzed as absolute levels and as kinetics between two subsequent measurements (changes over the 28-day period between two evaluation points), with the exception of the FISH results, in which low sample numbers prevented kinetic assessment. þ chimerism were analyzed. For diagnostic variables, we considered the highest differences between subsequent measurements before relapse or during the observed time period for patients without relapse. Alternatively, we considered the absolute values before relapse or the peak value of measurements for patients without relapse, respectively. With the help of the ROC curves, we selected suitable cutoff values of the diagnostic variables by maximizing the sum of sensitivity and specificity. Cutoffs were rounded for clinical use. Characteristics of these tests were determined by the analysis of corresponding 2 Â 2 contingency tables of test-positive and -negative cases (with relapse) and controls (without relapse). As small numbers were expected in the contingency tables, we also calculated exact 95% confidence intervals for both sensitivity and specificity estimates. Likewise, we calculated conditional maximum-likelihood estimates for the odds ratios and corresponding exact confidence intervals and P-values (Fisher's exact test). These calculations were performed using the statistical software package 'R' (www.r-project.org). 32 All other analyses were performed by Excel 7.0 for Windows and SPSS 12.0 for Windows software package (SPSS, Chicago, IL, USA).
Statistical analysis
To investigate whether the identified markers are independent predictors, we used regression techniques to analyze the univariate and multivariate influence of additional baseline and follow-up risk factors (see Table 3 for a list of factors) on the end points: (1) 4-month relapse-free survival, (2) overall relapse-free survival and (3) overall survival. We used exact logistic regression for the end point 4-month relapse-free survival and Cox regression for the other end points. In case of univariate significance, the corresponding factors were multivariately analyzed using a forward model selection algorithm. Calculations were performed using 'R', except for the exact logistic regression for which LogXact-8 (Cytel Inc., Cambridge, MA, USA) was applied. Median WT1 transcript levels constantly increase in patients with relapse from before HCT to day 28 and day 84 after HCT. In contrast, patients without relapse showed median WT transcripts comparable with healthy individuals. The difference between the two groups is already significant by day 28 after HCT. (c) Median WT1 transcript levels of MDS patients in PB. Median WT1 transcript levels also constantly increased in patients with relapse from before HCT to day 28 and day 84 after HCT. In contrast, patients without relapse showed median WT transcripts comparable with those of healthy individuals. In contrast to AML, the difference between the two groups is not significant. (d) Median WT1 transcript level of AML and MDS patients before HR and at HR. In patients undergoing relapse, median WT1 transcript levels at hematological relapse and 28 days before hematological relapse were elevated in comparison to the levels before HCT. Abbreviation: NS, not significant.
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Results
WT1 expression pattern before/after HCT and correlation with BM blasts
We first determined whether WT1 transcripts measured in the PB (median 3.0 (range 0.01-4649.1) WT1 per 10 4 ABL1, n ¼ 260) correlated with BM blasts (median 3.5 (range 0-82)%, n ¼ 265). A strong correlation was observed in the paired 239 assessment points (r ¼ 0.707, Po0.0001, data not shown).
WT1 transcripts showed characteristic fluctuations in both AML and MDS patients. Immediately before HCT, with the majority of patients in complete remission, median WT1 transcripts were in the normal range of healthy volunteers (median 0.7 (range 0.01-3.1) WT1 per 10 4 ABL1, n ¼ 10 vs 1.5 (range 0.01-810.1), n ¼ 53, and 1.7 (range 0.01-2322.2), n ¼ 14 for AML and MDS, respectively (P ¼ NS)) and clearly lower than that in AML or MDS patients with HR (Figures 1a-c) . On day 28, WT1 expression in patients with an impending relapse increased to a median of 11.9 (range 0.01-589.9) in AML and median of 6.5 (range 4.2-15.2) WT1 per 10 4 ABL1 in MDS patients (Figures 1b and c) . There was a clear difference in transcripts between patients subsequently relapsing and non-relapsing. This difference was significant for AML patients (Po0.05), but not for MDS patients (P ¼ 0.06). In contrast, the difference in WT1 transcript levels for patients with or without HR at day 84 showed borderline association for AML (P ¼ 0.058), but not for MDS (Figures 1b and c) . Patients without relapse maintained WT1 transcript levels comparable with those of healthy individuals throughout follow-up (Figures 1b and c) . In contrast, patients with relapse showed continuously increasing WT1 levels peaking at the time of relapse. Importantly, increases in WT1 transcripts were already detected 28 days before HR (Figure 1d ). Subsequently, WT1 levels 28 days before relapse were included in the model to identify the most suitable technique to predict relapse.
Unsorted donor chimerism
Donor chimerism analyses were performed on unsorted cells from 86 patients. Of the samples, 19 (7.3%) were excluded because of relapse before sampling and 18 (7.0%) because of insufficient sample quality, leaving a total of 221 samples eligible for analysis. Patients with a relapse within 28 days of sampling (n ¼ 15) showed a significantly lower median UDC of 89 (range 35-100)% than those without relapse (median 98 (range 21.7-100)%, n ¼ 63, P ¼ 0.01). In contrast, UDC kinetics in all eight evaluable relapsed patients showed no decrease (median þ 0.4 (range À15.3 to þ 8)%) 28 days before relapse and were similar to the kinetics of the patients without relapse (median 0 (range À20 to þ 56.3)%, n ¼ 60, P ¼ 0.883). ROCs were then used to determine the best clinical cutoff with corresponding sensitivities and specificities for the prediction of relapse. Absolute UDC values p90% predict a relapse with a sensitivity of 53% and a specificity of 86% (Table 2) , with seven of 15 patients (AML: nos. 41, 43, 45, 46, 47, 48; MDS: no. 51) having had UDC 490% before relapse. For a patient with UDC of p90%, the odds ratio for relapsing within the next 28 days was calculated to be 6.6 (Table 2 ). In contrast, UDC kinetics was a poor predictor of relapse with a low sensitivity (25%) and a specificity of 92%.
Chimerism of CD34
þ sorted cells
Eighty-six patients were monitored for CD34 þ sorted donor cell chimerism (CD34 þ DC). A total of 195 samples from Minimal residual disease monitoring after HCT with reduced-intensity conditioning T Lange et al 86 patients were available for the prediction analysis, 63 samples (24.4%) being excluded because of previous relapse (n ¼ 26, 10.1%) or insufficient sample quality (n ¼ 37, 14.3%). In AML, but not in MDS, there was a clear prognostic association between impending HR and a low CD34 þ DC at day 28 (Po0.001), 56 (Po0.01) and 84 (P ¼ 0.014) (data not shown). Furthermore, the median CD34 þ DC was found to be significantly lower in patients undergoing subsequent relapse within 28 days (median 73.3 (range 0-100)%, n ¼ 13) compared with those without relapse (median 99.3 (range 28-100)%, n ¼ 62, P ¼ 0.001). Accordingly, an analysis of CD34 þ DC kinetics revealed a significant decrease (median -15 (range -76 to 0)%) in patients undergoing relapse within 28 days (n ¼ 7) compared with those without relapse (median 0 (range -20 to þ 15.5)%, n ¼ 58, Po0.0001). The ROC analysis revealed an absolute value of p90% CD34 þ DC and X5% decrease in CD34
þ DC between two measurements to be the best clinical cutoff values with sensitivities of 62 and 71% and specificities of 90 and 91%, respectively ( Table 2 ). Five of the 13 patients relapsing with 28 days of CD34 þ DC determination (AML: nos. 41, 44, 45, 47, 48) nonetheless had a high CD34 þ DC of 490%, whereas only two of the seven patients for whom pre-relapse kinetic data were available (AML: nos. 45, 47) failed to show a decrease in CD34 þ chimerism X5% before relapse. An estimation of the odds ratios of relapsing within the next 28 days revealed CD34
þ DC reduction to yield a higher odds ratio (23.9) than did the CD34 þ DC absolute values (14.0; Table 2 ).
FISH of DS markers in BM
A total of 42 (48%) patients had karyotypic aberrations. Although FISH probes were available for 38 of these, 82 of the 152 samples were excluded for the prediction model owing to previous disease recurrence (n ¼ 13, 8.6%) or were unavailable owing to violations of the MRD monitoring protocol (n ¼ 69, 45.4%). Analysis performed on data from 30 patients, five of whom underwent relapse, revealed no significant increase above cutoff values 28 days preceding relapse. This is a reflection of the low sensitivity (40%) and high specificity (96%) of the technique (Table 2) . FISH was therefore unable to predict relapse within 28 days in our study population and has been excluded from further analysis.
WT1 expression in PB
WT1 expression levels were determined in a total of 260 samples from 86 patients. Eighty-four samples were not available for the prediction model owing to previous relapse (n ¼ 16, 4.6%), MRD protocol violations (n ¼ 48, 14%) or insufficient sample quality (n ¼ 20, 5.8%).
Data from 14 relapsed patients were available for the analysis of absolute WT1 transcript levels, revealing significantly higher (median 31.4 (range 3-1970.5) WT1 per 10 4 ABL1) WT1 transcript levels in samples taken 28 days before relapse compared with the rest (median 5.7 (range 0.01-192.5) WT1 per 10 4 ABL1, n ¼ 64, Po0.0001). Similarly, patients (n ¼ 12) undergoing relapse within 28 days had a higher increase in WT1 transcript kinetics (median 1.1 (range 0-2.4) log) compared with patients without relapse (median 0.4 (range 0-1.6) log, n ¼ 60, P ¼ 0.023). ROC analysis identified transcript levels of X24 WT1 per 10 4 ABL1 and an increase of X1 log between sampling points as the most appropriate cutoffs for predicting relapse within 28 days with a sensitivity of 79 and 58% and a specificity of 89 and 82%, respectively (Table 2 ). 
Comparison of the prediction factors and combinations
Both the absolute levels and kinetics of WT1 expression, as well as CD34
þ DC and absolute UDC are each associated with relapse within 28 days of sampling. For each technique, the corresponding area under the ROC (area under the curve) corresponds to the diagnostic power to predict imminent relapse ( Figure 2 , Table 2 ). Thus, CD34
þ DC kinetics (area under the curve ¼ 0.895) and WT1 transcripts (area under the curve ¼ 0.855) were identified as the most powerful parameters in the ROC model, consistent with the highest odds ratios (Table 2) for predicting a relapse within 28 days. The combination of these parameters was then analyzed to further optimize sensitivity or specificity of prediction.
Sixty-four patients, including seven who developed relapse, were available to analyze the predictive power of combining WT1 expression (cutoff X24 WT1 per 10 4 ABL1 transcripts) and decrease in CD34 þ DC (cutoff X5% decrease). All seven patients with relapse were preceded by at least one positive indication, resulting in a sensitivity of prediction of 100%, with a specificity of 84%. On the other hand, double positives were extremely rare in those cases in which relapse did not occur within the next 28 days, corresponding to a specificity of 98% with a sensitivity of 57% (Table 2) . It is therefore possible to exclude a relapse almost completely if WT1 transcripts are lower than X24 WT1 per 10 4 ABL1 and CD34 þ DC do not decrease X5%. Only one patient out of 34 failed these criteria, having WT1 levels of 192.5 WT1 per 10 4 ABL1 with a decrease of 18% in CD34 þ DC without developing subsequent relapse. Minimal residual disease monitoring after HCT with reduced-intensity conditioning T Lange et al
Prediction of relapse within 3 months
Having shown that CD34 þ DC kinetics and WT transcripts provide a reliable prediction of relapse within 28 days, we tested their ability to predict relapse up to 84 days following sampling. Sixty-three patients were available for the analysis of WT1 transcripts alone. Only one of the five relapsing patients already had a WT1 expression level above the cutoff 84 days before relapse. Similarly, six relapsed patients were available for the CD34 þ analysis, and only one of these showed a CD34 þ DC decrease exceeding the cutoff 84 days before relapse. Neither WT1 transcript levels, CD34
þ DC kinetics nor the combination of both provide a reliable prediction of relapse within the following 84 days.
Analysis of independent factors to predict relapse by 4 months after HCT, progression-free survival and overall survival
As CD34
þ DC kinetics and WT1 transcripts provide the best prediction of relapse within 28 days, other baseline and followup factors have been analyzed to identify independent prognostic factors for relapse by 4 months, progressionfree survival and overall survival (Table 3) . In univariate analysis, a CD34 þ DC decrease of X5% and WT transcripts of X24 WT1 per 10 4 ABL1 remained the only significant and independent parameters predictive for relapse by 4 months after HCT and progression-free survival. In contrast, a decrease of 450% in platelets, the use of an HLA-mismatched donor and a increase of white blood cells by more than 50% in the model with WT1 were additional independent variables for overall survival.
Discussion
In this analysis, we have investigated the prediction of HR in patients with AML and MDS following HCT, comparing techniques of unsorted and CD34 þ sorted donor chimerism in BM, DSM-FISH in BM and WT1 expression in PB. The overall aim of this analysis was to identify the most informative parameter or parameter combination upon which to base early intervention before HR occurs. UDC has the advantage of being independent of DS characteristics, and has been widely used to detect relapse after HCT. 33 We did indeed find that UDC p90% is associated with relapse within 28 days of sampling, and also that the sensitivity of this test was only 53%. A decrease in UDC 410% and also UDC values from PB (data not shown) had an even lower positive predictive value and was not associated with HR. In patients harboring an appropriate marker, DSM-FISH analysis showed a positive 40% ability to predict HR within 28 days. On this basis, we conclude that UDC and FISH are insufficient to predict HR in advance, consistent with observations of other groups. 34, 35 The majority of AML cells express the CD34 antigen, and we and others have reported an association between a low or decreasing CD34
þ DC and relapse after HCT with conventional conditioning, 36 2 Gy total body irradiation, 7 other RIC regimens 37 or both RIC and conventional conditioning.
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We report here that an absolute level of p90% CD34 þ DC and a decrease of 45% in CD34 þ DC provide sensitive and specific predictions of relapse within 28 days. The sensitivities of p90% CD34 þ DC or 45% decrease in CD34 þ DC were 62 and 71%, respectively.
Taken together, these sensitivities are comparable with the 80% reported from a cutoff of p80% CD34 þ PB DC after a different conditioning regimen. 33 According to our ROC results, impending relapse is associated more strongly with the kinetic of CD34
þ DC reduction than with the absolute levels of CD34 þ DC, although both parameters provide a good indication of imminent relapse. Of note, we obtained this result in an AML and MDS patient cohort after a homogeneous 2 Gy total body irradiation-based conditioning and similar immunosuppression in the absence of information concerning the CD34 status at diagnosis. Interestingly, our results were not altered by exclusion of the CD34 À AML patients and those for whom initial CD34 status was unknown (data not shown). Patients who developed a relapse in our study cohort had significantly higher WT1 expression levels in blood cells at day þ 28 than did those without an impending relapse. Combining absolute levels and increases in WT1 mRNA levels in PB provides an even stronger indicator for an imminent relapse. The best indication was derived from WT1 levels in excess of the cutoff of 24 WT1 per 10 4 ABL1 transcripts: a level which is almost 10-fold higher than the highest level of WT1 expression in our cohort of healthy volunteers. Specifically, if a patient had X24 WT1 per 10 4 ABL1 transcripts, the risk of developing HR within 4 weeks was 79%. Only three patients had no X24 WT1 per 10 4 ABL1 transcripts 4 weeks before HR. This may be explained in part by the recently recognized phenomenon of WT1 exon 7 mutations, which might have prevented sufficient primer binding and compromised the performance of the RT-PCR amplification. 20, 37, 38 WT1 expression above the cutoff corresponds to an odds ratio of impending relapse of 27.6. This is comparable with the predictive power of MRD levels determined via T-cell receptor and immunoglobulin gene rearrangement in standard risk acute lymphoblastic leukemia, in which an MRD level higher than 10 À4 by 16 weeks was associated with a relapse risk of 95% within 3 years. 39 When comparing our most informative parameters, the absolute levels of WT1 expression appear to be a better predictor of relapse than the WT1 kinetics, whereas the opposite was true for CD34 þ DC. This suggests that the parameters of gene expression level averaged over all cells on the one hand and frequency of a distinct cell population on the other may provide complementary information concerning impending relapse. Indeed, if both parameters (decrease of 45% in CD34 þ DC and a WT1 transcript level of 424/10 4 ABL1 transcripts) are taken into consideration, 100% of patients with relapse were identified with a specificity of 84%. Similarly, when both markers are below the cutoffs, relapse within 28 days can be excluded almost entirely (specificity 98%, sensitivity 57%). Unsurprisingly, neither of the parameters tested could provide an indication of relapse 84 days in advance. Although both CD34
þ DC kinetics and WT1 levels remained also the only two independent factors for relapse at 4 months and progression-free survival in a multivariate model, the use of a mismatched donor, a decrease in platelets by more than 50% and a increase in WBC by more than 50% in the model with WT1 only proved to be additional factors associated with a worse overall survival. This confirms the finding that a mismatched donor is an independent factor for non-relapse mortality in a very similar patient cohort using the same HCT technique. 40 The decrease in platelets and the increase of WBC has not been previously identified, but should be included in future evaluations. On the basis of this study, we have adapted our MRD monitoring protocol for patients with AML and MDS after HCT with RIC: during the 6 months post-HCT period with the highest relapse incidence, [3] [4] [5] monthly monitoring of MRD by the detection of CD34 þ DC from aspirated BM together with the assessment of WT1 transcripts from PB can provide an accurate indication of impending relapse. The identification of impending relapse in this way provides a basis for optimizing treatment of relapse, either by tapering of immunosuppression over 3-4 weeks with the risk of severe graft-versus-host disease or by chemotherapeutic intervention, 41 in which the application of low toxicity agents such as sorafenib 42 and demethylating agents 43 may provide new treatment perspectives.
